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Roactlons  of  trMisItlon  Mtta)  clwstor  Ions  art  txatRlntO  using  guldtd  ion  beam 
ttchniquts.  Thtst  ttcOnloots  allot  Ionic  clustors  of  varlablt  slit  and  composition 
to  bo  Isolatod.  NMMronont  of  rooctlon  cross  soctlons  and  branching  ratios  character 
l2t  tbt  Intoractlons  of  tht  clustors  with  a  varloty  of  noutral  gasos.  By  examininq 
tho  variation  of  thoso  guantitlos  with  tho  kinotic  tnorgy  of  tho  clustor  ions,  extensive 
thormochomlcal  data  for  both  Ionic  and  noutral  clustor  spoclos  can  bo  determined 
Prototypical  data  for  Nfw  and  Cof^  havo  boon  obtalnod.  In  addition,  a  now  source  of 
cold  Motal  clustor  Ions  (both  boro  and  llgatod)  has  boon  dovolopod  and  demonstrated 
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Tht  propottd  resttrch  was  to  study  the  gas  phase  chenistry  and  ther- 
■odyaalcs  of  transition  aetal  clusters  using  Ion  bean  Methods.  Mass  spec- 
troaetrlc  techniques  allow  Ionic  clusters  of  variable  size  and  coMposItlon 
to  be  Isolated.  Measurenent  of  reaction  cross. sections  and  branching  ratios 
characterize  the  Interactions  of  the  clusters  with  a  variety  of  neutral 
gases.  By  exaMlnIng  the  variation  of  these  quantities  with  the  kinetic 
energy  of  the  cluster  Ions,  extensive  themocheilcal  data  for  both  ionic  and 
neutral  cluster  species  can  be  detenilned.  These  data  Include  netal-netal 
binding  energies  and  binding  energies  of  Inorganic  and  organic  fragMents  to 
clusters. 

The  proposed  research  was  to  be  broken  down  into  three  phases.  First, 
existing  equIpHent  and  technology  would  be  used  to  exaalne  cluster  cheM- 
Istry.  Second,  a  new  cluster  source  and  apparatus  would  be  developed.  This 
Instruaent  would  be  capable  of  generating  larger  clusters  of  nore  netals  and 
exAMlnlng  their  cheelstry.  Finelly.  this  apparatus  would  be  used  to  greatly 
extend  the  scope  of  the  proposed  cheolcal  studies. 

Smwiry  of  Besults 

In  the  first  phase  of  the  proposed  research,  we  have  conducted  com- 
prehenslve  studies  of  the  reactions  of  Mnt'*^  with  Ot.  CO,  COt  and  C|H«.  In 
addition,  reactions  of  atonic  Nn'*^  have  also  been  perfomed  for  conparlson. 
These  are  presently  being  prepared  for  publication.  Also,  we  have  generated 
Cot^  (fron  Cot(C0)«I  and  studied  Its  chenlstry  In  several  systens.  So  far. 


prellalnery  studies  of  the  reectlons  with  Ar(coll1t1on  Induced  dissocia¬ 
tion),  Ot,  Ot,  and  CtH,  have  been  perfomed.  Our  studies  show  that  the 
cobelt  diner  ion  Is  nuch  nore  strongly  bound  than  Mnt**^.  This  difference 


clearly  evidences  Itself  In  the  resultant  chealstry.  Thus,  this  should  t>e  a 
nice  diagnostic  systea  for  our  new  cluster  source  and  apparatus.  Results  of 
our  work  on  Mni'**  and  CO|^  were  reported  In  Invited  lectures  at  the  86  0-E 
LASE  aeeting  of  the  Society  of  Photo-Optical  Instruaentatlon  Engineers 
(SPIE)  and  at  a  NATO  Advanced  Study  Institute.  The  proceedings  of  these 
aeetings  have  been  published  and  are  listed  below  (publications  1  and  3, 
respectively). 

In  the  second  phase  of  the  proposed  research,  progress  In  developaent 
of  a  near  continuous  cluster  Ion  source  has  been  very  good.  Initially, 
quite  a  bit  of  effort  was  expended  In  characterizing  and  optinizing  the 
perforaance  of  the  mss  spectroMter  and  Ion  which  will  mss  separate 

the  cluster  Ion  bean  and  will  eventually  deliver  it  to  the  Interaction 
region.  Me  perforMd  an  Initial  test  of  the  particle  beM  sputtering/super¬ 
sonic  expansion  source  as  originally  designed.  These  studies  convinced  us 
that  substantially  nore  punqilng  was  needed  In  order  to  achieve  sufficiently 
high  stagnation  pressures  to  Induce  cluster  condensation.  We  therefore 
Included  a  roots  blower  to  enhance  the  punping  In  the  source  region.  A 
second  potential  source,  a  OC  arc  diKharge,  has  also  been  evaluated  and 
found  to  be  rather  unstable  and  prone  to  clog. 

MMnwhIle,  our  efforts  concentrated  on  using  a  high  repetition  rate 
(6-8  kHz)  Cu  vapor  laser  (CVL)  to  vaporize  the  Mtal  sinple  In  the  expan¬ 
sion.  These  efforts  have  been  rewarded  with  success.  Details  of  our  ini¬ 
tial  work  were  reported  In  Chenical  Physics  Letters  (publication  2  below). 

Me  have  now  denonstrated  that  by  using  the  CVL  to  vaporize  Mtal  In  a  con¬ 
tinuous  flow  of  He,  a  near  continuous  source  of  metal  cluster  Ions  with 
sufficient  Intensities  for  chenical  studies  can  be  produced.  Ion  distribu¬ 


tions  up  to  1000  am  have  been  exaulned  for  Iron  and  alunlnun  and  for 
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1ron/oxjr9«n  alxturtt.  Most  signlf  Icintly.  no  fortto  iowliitlon  sttP  Is 
rtoulrod.  Sufficitnt  Ions  art  producad  In  tha  vaporization  stop  that  tha 
Ions  clustar  and  undarpo  adiabatic  axpanslon.  Thus,  tha  Intarnal  anargy  of 
tha  Ions  should  ba  (pilta  low,  a  nacassity  for  Mhy  studios  of  Intarast.  Ma 
foal  this  Is  raally  a  vary  significant  davalopaant  for  futuro  studlas  of 
Mtal  clustars. 

Our  Min  afforts  noar  tha  and  of  tha  grant  cantarad  on  iMrovIng  tha 
instruMnt  dasignad  for  chaalcal  studlas  of  aatal  clustar  ions.  Thasa 
laprovoMnts  Includa  tha  raconstnictlon  of  tha  Ion  sourca  raglon  to  provida 
aora  substantial  diffarantlal  puap^nc*  In  our  prallalnary  satup.  this 
puaping  ms  tha  Halting  factor  In  dataralning  tha  sourca  prassura  condi¬ 
tions  In  tha  suparsonic  nozzla.  Ma  hava  tastad  tha  prasant  arrangaaant  and 
find  that  It  will  anabla  us  to  axcaad  tha  pravlous  aaxiaua  working  prassura 
by  ovar  ordar  of  atgnituda.  NO  hava  obtalnad  a  naw  coppar  vapor  lasar 
(Coopar  LasarSonIcs  Modal  3091)  having  hlghar  poMr  than  tha  nodal  wa  used 
previously.  These  changes  are  dasignad  to  anabla  us  to  ganarata  nora  ions 
and  to  enhance  tha  clustar  size  available  to  us  axparlMntally.  Wa  hava 
recently  danonstratad  that  thasa  expectations  are  Indeed  realized. 

The  other  InprovaMnt  ms  tha  addition  of  a  newly  designed  Interaction 
raglon  Incorporating  an  octopola  Ion  bean  guide.  This  will  enable  us  to 
control  the  reaction  conditions  nuch  better  and  will  provide  substantially 
higher  sensitivity.  We  have  also  added  a  new  quadrupole  mss  filter  fron 
Extranuclear  (purchased  with  funds  fron  lay  NSF  Presidential  Young  Investi¬ 
gator  grant)  which  has  a  substantially  hlghar  mss  range  than  previously 
available.  Initial  tests  of  these  devices  are  now  cosplete  and  their  per- 
forMnce  Mets  all  our  expectations. 
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lit  art  new  In  •  poaltlon  to  begin  the  third  phait  of  the  propotod 
rttttrcli.  This  rtattrch  will  be  conducted  under  U.  S.  Anpy  PoMarch  Office 
•rant  He.  IMAL03-a7.K-0122. 

Hit  of  Pebllcatlona 

1.  Tranaltlen  Natal  Clutter  Ion  Cheeittry 

F.  1.  Araentrout.  "Later  Appllcatlont  In  Cheeittry  and  Blophytict". 

N.  E1-Saped.  Editor.  Proc.  SFIE  31^9 

2.  A  Continuout  Source  for  Production  of  Cold*  Natt-Soloctod  TrantUlon 
Natal  Clutter  lent 

S.  K.  Loh.  David  A.  Halet.  and  P.  D.  Areantrout.  Chan.  Phyt.  Lott, 
m.  827.932  (llti). 

3.  Kinetic  Energy  Dependence  of  lon-Nelecule  Reactlont:  Free  Triatoelcs 
to  Tr anti t Ion  Netalt 

P.  1.  Areantrout.  "Structure/ieactlvlty  and  Thareecheelttry  of  Ions". 
P.  Autloet  and  $.  6.  Llat.  Editort  (D.  Reldel.  Dordrecht.  1997).  97- 
194. 

Partlcleatlna  Scientific  Pertennel 
Peter  D.  Areantrout.  PI 
Steven  K.  Loh.  graduate  ttudent 

David  A.  Halet.  graduate  ttudent  (tupported  by  ittF  prodoctoral 
fallowthip) 


Joel  Burley,  graduate  ttudent 
Richard  Schu Ua.  graduate  ttudent 


